band-pass filter, the image of blood vessel in which microbubble contrast agent exist can be enhanced selectively. Since the capillary networks tend to gather around tumor tissues, it is expected that the ultrasound vascular image enhancement system is also useful for the early diagnosis of tumors but not only on the improvement of accuracy of blood flow diagnosis.
The nonlinear response of a free air microbubble in water upon ultrasound exposure is studied as a basic research for the development of a new ultrasound vascular image enhancement system.
THE METHOD OF NUMERICAL CONSIDERATION

Mathematical Model
The RPNNP model21-26) is used as the mathematical model to calculate the nonlinear response of a microbubble in this paper as many other investigators. The mathematical model is shown in Eq. (1). Only radial motion of a microbubble is assumed in this model. The purpose of this study is to calculate the nonlinear response of an air microbubble upon ultrasound illumination.
In this paper, Eq. (1) was solved directly by Runge-Kutta method. The vibrational change of radius of a microbubble upon ultrasound pulse illumination with time was calculated.
(1) Only Nishi and Eatoch et al. reported about the nonlinear response illuminated with rather short burst of ultrasound wave. However, their consideration concentrated on the response from a single bubble. Since the short pulse is used as the illuminating ultrasound wave in medical ultrasound diagnostic equipment except ultrasound Doppler diagnostic equipment, it is necessary to know the nonlinear response illuminated with the short pulse ultrasound.
Thus, the only results of continuous ultrasound wave or long burst ultrasound pulse were insufficient for our purpose. Therefore, we considered the effects of nonlinear behavior on the scattered wave, the scattered spectrum and the phase characteristics illuminated by ultrasound pulse with various number of bursts by numerical simulation in this paper. Furthermore, we also considered the relationship between the number of cycles in burst and harmonic component excitation efficiency.
In practical, the ultrasound contrast agent consists of many microbubbles. Therefore, it is important to consider the effect of many microbubbles.
The nonlinear response was considered in the case which many microbubbles exist in this paper.
Microbubble Radius and Resonant Frequency
The approximated expression of resonant frequency of microbubble is shown in Eq. (3) which is derived from the solution of nonlinear Eq. (1) neglecting the term above third order. It can be known from Eq. (3) that the resonant frequency of an ultrasound contrast agent depends strongly on the equilibrium radius of microbubble R0. Figure 9 shows the spectrum of the scattered sound pressure waveform illuminated by the burst ultrasound pulse. Figure 9 (The frequency spectra of scattered sound pressure) have similar tendency as above mentioned tendency. Comparing Figs. 8 and 9, both spectra show similar features except the difference between increasing tendency of the scattered sound pressure spectra and decreasing tendency of the radius vibrating spectra in higher frequency. This difference can be explained by Eq. (2) . Equation (2) shows that the scattered sound pressure spectrum Pr (w)is proportional to the radius vibration spectrum Q (w) and proportional to w2. Figure  10 shows the phase of scattered sound pressure spectrum and also the phase of the radius vibration spectrum. Figure  11 shows Figure  14 shows the result of a 3
[pm] radius microbubble at different sound pressure condition. Figure  15 shows 
